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Abstract. High frequency quasi-periodic oscillations (HF QPOs) are observed in the X-ray
power-density spectra (PDS) of several microquasars and low mass X-ray binaries. Many pro-
posed QPO models are based on oscillations of accretion toroidal fluid structures orbiting in the
vicinity of a compact object. We study oscillating accretion tori orbiting in the vicinity of a Kerr
black hole. We demonstrate that significant variation of the observed flux can be caused by the
combination of radial and vertical oscillation modes of a slender, polytropic, perfect fluid, non-
self-graviting torus with constant specific angular momentum. We investigate two combinations
of the oscillating modes corresponding to the direct resonance QPO model and the modified
relativistic precession QPO model .
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We assume an axially-symmetric torus in a hydrostatic equilibrium. We also assume a
perfect, polytropic, non-self-gravitating fluid with constant specific angular momentum
distribution. The torus is situated on the background of Kerr geometry. The solution of
the perturbed Papaloizou-Pringle equation (Papaloizou & Pringle (1984), Blaes et al. 2006)
yields the complete set of discrete eigenfunctions and eigenfrequencies that correspond
to different oscillation modes. We consider here the simplest radial and vertical epicyclic
oscillation modes whose eigenfunctions are pure functions of the radial and vertical coor-
dinate, and the corresponding eigenfrequencies are linear combinations of the appropriate
epicyclic frequency of a test particle and Keplerian frequency νK . All frequencies are de-
fined on the radial coordinate of torus centre. The centre of the torus is situated in such a
way that the ratio of mode frequencies is equal to 3/2 in accordance with the observations
of double peaks HF QPOs in PDS of microquasars and LMXBs (To¨ro¨k et al. (2007)).
The first investigated torus setup combines pure epicyclic axisymmetric vertical and ra-
dial modes, where mode frequencies are identical with radial νr and vertical νθ epicyclic
frequencies, respectively (Abramowicz & Kluz´niak(2001)). The second setup combines
non-axisymmetric vertical mode with frequency νu = 2νK − νθ and non-axisymmetric
radial mode with frequency νl = νK − νr. In the Schwarzschild case, such frequency rela-
tion corresponds exactly to Relativistic Precession QPO model (Stella & Vietri (1999)).
In the Kerr case, the deviations from such model are small (To¨ro¨k et al. (2010)).
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Figure 1. Light curves of the oscillating torus with pure epicyclic axisymmetric modes. Plots
are constructed for different observer inclination: θobs = 0.01 (left column), θobs = 1/3pi (middle
column) and θobs = 1/2pi (right column). The top line corresponds to a = 0 and the bottom one
to a = 0.96.
Figure 2. Light curves of the Relativistic Precession QPO model like combination of
non-axisymmetric modes presented in the same way as in Figure 1.
References
Abramowicz, M. A. & Kluz´niak, W. 2001, A&A, v.374, p.L19–L20
Blaes,O. M., Arras, P., Fragile,P. C. 2006, MNRAS, 369, 1235-1252.
Papaloizou, J. C. B. & Pringle, J. E. 1984, MNRAS, 208, 721-750.
Stella, L. & Vietri, M. 1999, Phys. Rev. Lett, 82, 17.
To¨ro¨k, G., Stuchl´ık Z. and Bakala,P., 2007, Central European Journal of Physics, 5, 457-462.
To¨ro¨k, G., Bakala, P., Sˇra´mkova´, E., Stuchl´ık, Z. and Urbanec M., 2010, ApJ, 714, 748-757.
